A simple co-precipitation technique is proposed for synthesis of tin oxide (SnO 2 ) microrods. Stannous chloride and urea were used during synthesis. X-ray powder diffraction (XRD) analysis revealed that the annealed product consists of SnO 2 microrods having tetragonal unit cells, while scanning electron microscopy (SEM) analysis revealed the rod-like morphology of a synthesized product. These synthesized microrods are used as photocatalyst for the degradation of reactive black 5 (RB5).
INTRODUCTION
Industries contribute greatly to the contamination of water resources. A wide range of hazardous toxic substances are continually released into the water body of the environment due to a lack of effective source treatment techniques. Synthetic dyes play a major role in the contamination of water through industrial waste. These dyes show stable behavior because of their aromatic structures, so synthetic dyes cannot be easily degraded. Their stable structure prevents the absorbance and reflection of sunlight. These dyes are also mutagenic and toxic in nature. Their direct release into the ecosystem disturbs its balance, therefore removal of these synthetic dyes from water resources is necessary to avoid these effects (Chowdhury & Balasubramanian ) . Photocatalysis plays an important role in the purification of water by removing the biological and chemical contaminants from water resources. Photocatalysis also causes the breakdown of organic contaminants into mineral salts (Wang et al. ) . In a photocatalytic reaction, an electron-hole pair is created with the help of a catalyst which further generates free radicals. These free radicals break down the aromatic structure of dye molecules ( Julkapli & Bagheri ) . Semiconductor materials are used as photocatalyst to remove the dyes from water resources because they can efficiently oxidize organic substances. Semiconductor materials are used as photocatalysts in various fields (hydrogen gas production (Yoong et al. ) , water splitting (Zou et al. ) , dismantling of micro-organisms such as bacteria b), titanium dioxide (TiO 2 ) ( (Bouaine et al. ) . So the co-precipitation method is chosen for the synthesis of SnO 2 microparticles because it is inexpensive and simple. This method also gives highly crystalline microparticles without using any surfactant and binding species. Using this method shape and size can be easily controlled by changing the concentration of precipitating reagent and precursor salt, pH of medium and reaction temperature. nano structures by a co-precipitation approach. In the present work rod like highly crystalline SnO 2 microparticles are synthesized via a simple co-precipitation approach from a stannous chloride precursor. The product is analyzed using X-ray powder diffraction (XRD) and scanning electron microscopy (SEM) technique. Photocatalytic application of the synthesized product for degradation of reactive black dye 5 from aqueous water is studied.
METHODS

Materials
Hydrated stannous chloride (SnCl 2 .2H 2 O), urea (N 2 H 4 CO), reactive black 5 dye (RB5) and hydrogen peroxide (H 2 O 2 ) were purchased from Sigma-Aldrich, USA. Distilled water was used throughout the synthesis and catalytic study. All the chemicals were used as such without any further purification.
Synthesis of SnO 2 microrods
SnO 2 microrods were synthesized by the co-precipitation method. The pH of hydrated stannous chloride solution (1 M) was adjusted to 9 using 2 M urea solution under constant stirring at room temperature. The resultant solution was further stirred for 1 h at room temperature. Obtained precipitates were then collected by means of centrifugation and repeatedly washed with ethanol and distilled water and the precipitates were dried in a thermoelectric oven at 80 C for 24 h. The dried product was ground to powder form and subjected to calcination in an electric furnace at 600 C for 4 h in the presence of air. Calcined product was subjected to characterization. 
Photocatalytic degradation of RB5
RESULTS AND DISCUSSION
X-ray powder diffraction analysis
The XRD pattern of SnO 2 rods is shown in Figure 1 . Strong diffraction peaks are observed at 2-theta values: 26.53, 33.8, 37.89, 51.65, 54.62, 57.76, 61.75, 64.58 . These peaks are associated with different planes (110, 101, 200, 211, 220, 002, 130, 112) . The 2-theta values and corresponding planes are characteristic to SnO 2 entry no. 96-153-4786. Diffraction peaks are very sharp which demonstrate that the synthesize SnO 2 is highly crystalline. One small extra peak is also present at 2-Theta value 44.61 . This peak is due to the presence of moisture in the sample during analysis.
Analysis of SnO 2 confirms that it possesses tetragonal crystal lattice with a P 42/m n m space group. The crystal structure of synthesized SnO 2 is shown in Figure 2 . Scanning electron microscopic analysis Figure 3 shows the SEM images of SnO 2 microparticles synthesized by a co-precipitation method followed by calcination at 600 C temperature. It can be seen from (2) carbon dioxide gas escapes from the solvent and hydroxyl ions react with tin ions and produce tin hydroxide.
The obtained product was calcined at 600 C and then its XRD pattern was recorded. XRD analysis confirms that the product is SnO 2 . It is well known that tin carbonate is The possible chemical Equations (1)-(7) are given below: is toxic to some organisms and causes the death of these organisms in water. RB5 can be degraded through microorganisms by the breakage of azo bonds but this process causes production of some toxic derivatives ( Figure 7 . It is seen that the values of k aap increase by increasing the catalyst dosage. The value of k app is found to be 0.0138, 0.0158 and 0.0175 min À1 at 0.35, 0.69 and 1.00 mg/mL catalyst dosages respectively (Table S1 , available with the online version of this paper). It is observed that the value of k app TiO 2 for the degradation of RB5. From the literature it is seen that no one used the SnO 2 microparticles for the reduction of RB5. So in this work, the catalytic effect of SnO 2 microrods for the reduction of RB5 from wastewater is investigated.
CONCLUSIONS
SnO 2 microrods are synthesized by the co-precipitation method followed by calcination at 600 C temperature.
XRD analysis confirms the formation of high crystalline SnO 2 . It also reveals that every tin atom is bonded to six oxygen atoms. Oxygen atoms are present at the octahedral position around the tin central atom. Morphological analysis confirms the formation of microrods whose diameter and length are in the range of 6-8 and 0.9-1.7 μm, respectively.
Degradation of RB5 is studied to check the photocatalytic behavior of synthesized SnO 2 microrods. The apparent rate constant (k app ) values increase by increasing the H 2 O 2 concentration and amount catalyst. Percentage conversion of RB5 is also calculated which revealed that at low H 2 O 2 concentration (0.1 M) and catalyst dosage (0.35 mg/mL), percentage degradation of dye is also small (72%). However, as the dosage of catalyst increases from 0.35 to 1.0 mg/mL, the percentage degradation of dye also increases from 72 to 84%. Similarly, the percentage removal of dye from the reaction mixture increases from 72%, and 82% with an increase in concentration of H 2 O 2 from 0.1 to 0.7 M. These results indicate that synthesized SnO 2 microrods possess good photocatalytic properties.
